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57 ABSTRACT

A mechanism capable of decreasing wires which are not
appropriately supplied with power and performing the elec-
trical discharge machining high in uniformity between mul-
tiple wires. A wire electrical discharge machining system
configured to slice a workpiece at an interval of wires
arranged side by side at equally spaced intervals causes the
wire to travel in the same direction and includes a power feed
contact configured to collectively supply a machining power
supply to a plurality of the traveling wires, in which two
adjacent power feed contacts respectively come into contact
with the plurality of the wires supplied with the machining
power supply and arranged without being aligned in the direc-
tion vertical to the direction in which the wire travels.
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WIRE ELECTRICAL DISCHARGE
MACHINING SYSTEM, WIRE ELECTRICAL
DISCHARGE MACHINING METHOD, AND
WORKPIECE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present disclosure relates to a wire electrical discharge
machining system, a wire electrical discharge machining
method, and a workpiece.

2. Description of the Related Art

Up to now, there has been known a wire saw acting as an
apparatus for slicing silicon ingot into multiple wafers. There
has been also a technique for machining a member to a thin
sheet by wire electrical discharge machining.

Japanese Patent Application Laid-Open No. 9-248719, for
example, discusses a technique in which power is supplied to
three wound wires at one place to perform the electrical
discharge machining on a semiconductor ingot.

In a multi-wire electrical discharge machining, appropri-
ately supplying power to all wires at an appropriate position
allows an electrical discharge machining which is high in
uniformity. However, Japanese Patent Application Laid-
Open No. 9-248719 discusses nothing about a method for
solving a problem in that, if there is a wire to which power is
not appropriately supplied, a groove machined by the wire to
which power is not appropriately supplied becomes defective
compared with a groove machined by another wire to which
power is appropriately supplied.

SUMMARY OF THE INVENTION

The present disclosure provides a mechanism capable of
decreasing wires which are not appropriately supplied with
power and performing the electrical discharge machining
high in uniformity between multiple wires.

According to an aspect disclosed herein, a wire electrical
discharge machining system configured to slice a workpiece
at an interval of wires arranged side by side at equally spaced
intervals includes a traveling unit configured to cause the
wires to travel in the same direction and a power feed contact
configured to collectively supply a machining power supply
to a plurality of the traveling wires, in which two adjacent
power feed contacts respectively come into contact with the
plurality of the wires supplied with the machining power
supply and arranged without being aligned in the direction
vertical to the direction in which the wire travels.

Further features and aspects of the present invention will
become apparent from the following detailed description of
exemplary embodiments with reference to the attached draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of the specification, illustrate exemplary
embodiments, features, and aspects of the invention and,
together with the description, serve to explain the principles
of the invention.

FIG. 1 illustrates a multi-wire electrical discharge machin-
ing system.

FIG. 2 illustrates a multi-wire electrical discharge machin-
ing apparatus.

FIG. 3 illustrates a power feed contact.

FIG. 4 illustrates an electric circuit diagram according to a
conventional technique.
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FIG. 5 illustrates a multi-wire electrical discharge machin-
ing apparatus according to a conventional technique.

FIG. 6 illustrates an electrical discharge pulse.

FIG. 7 illustrates an electric circuit diagram.

FIG. 8 illustrates a multi-wire electrical discharge machin-
ing system.

FIG. 9 illustrates an example of an arrangement of the
power feed contact.

FIG. 10 illustrates an example of an arrangement of the
power feed contact.

FIG. 11 illustrates an example of an arrangement of the
power feed contact.

FIG. 12 illustrates an example of an arrangement of the
power feed contact.

FIG. 13 illustrates how current flows in the arrangement of
the power feed contact.

DESCRIPTION OF THE EMBODIMENTS

Various exemplary embodiments, features, and aspects of
the invention will be described in detail below with reference
to the drawings.

FIG. 11is described below. FIG. 1 is an appearance diagram
viewed from the front of a multi-wire electrical discharge
machine 1 according to an exemplary embodiment disclosed
herein. The configuration of each mechanism illustrated in
FIG. 1 is an example. It is to be understood that mechanisms
may be variously configured according to purposes and appli-
cations.

FIG. 1 is a schematic diagram illustrating a configuration
of' a multi-wire electrical discharge machining system. The
multi-wire electrical discharge machining system includes a
multi-wire electrical discharge machining apparatus 1, a
power supply device 2, and a machining fiuid supply appara-
tus 50.

In the multi-wire electrical discharge machining system, a
workpiece is sliced by electrical discharging into a thin leaf at
intervals of a plurality of wires arranged side by side.

The multi-wire electrical discharge machining apparatus 1
is provided with a workpiece feeding device 3 driven by a
servo motor above a wire 103 to be capable of moving a
workpiece 105 upward and downward. In the present disclo-
sure, the workpiece 105 is transferred downward to be sub-
jected to electrical discharge machining between the work-
piece 105 and the wire 103. Alternatively, the workpiece
feeding device 3 may be provided under the wire 103 to
transfer the workpiece 105 upward.

In the power supply device 2, an electrical discharge servo
control circuit for controlling a servo motor performs control
to keep an electrical discharge gap constant for efficiently
generating an electrical discharge according to the state of the
electrical discharge, positions the workpiece, and progresses
the electrical discharge machining.

A machining power supply circuit (in FIG. 7) supplies an
electrical discharge pulse for electrical discharge machining
to the wire 103, performs control adapted to a state such as a
short-circuit occurring in the electrical discharge gap, and
supplies an electrical discharge gap signal to the electrical
discharge servo control circuit.

The processing fluid supply apparatus 50 sends processing
fluid required for cooling an electrical discharge machining
unit and removing a machining chip (waste) to the workpiece
105 and the wire 103 by a pump, removes a machining chip in
the processing fluid, controls electric conductivity (1 uS to
250 uS) by ion exchange, and performs control of fluid tem-
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perature (in the vicinity of 20° C.). Water is mainly used as the
processing fluid, however, electrical discharge machining oil
may be also used.

Main rollers 8 and 9 are provided with grooves with pre-
determined pitches and in predetermined number so that
machining can be performed at a desired thickness. Wires of
which tension is controlled are supplied from a wire supply
bobbin and are wound around the two main rollers by
required number and sent to a winding bobbin. Wire speed
used is approximately 100 m/min to 900 m/min.

The two main rollers are rotated in conjunction with each
other in the same direction and at the same speed to cause a
single wire 103 supplied from a wire feeding portion to cir-
culate around the periphery of the two main rollers and to
cause a plurality of wires 103 arranged side by side to travel
in the same direction (traveling unit).

As illustrated in FIG. 8, the wire 103 that is a single con-
tinuous one is fed from a bobbin (not illustrated), spirally
wound around the outside of the main rollers by a multiple
number of turns (about 2000 turns at maximum) while being
fitted into a guide groove (not illustrated) on the outer periph-
ery of the main rollers, and then reeled up by a bobbin (not
illustrated).

The multi-wire electrical discharge machining apparatus 1
is connected to the power supply device 2 via an electric wire
513 and operated by power supplied from the power supply
device 2.

As illustrated in FIG. 1, the multi-wire electrical discharge
machining apparatus 1 includes a block 15 functioning as a
platform of the multi-wire electrical discharge machining
apparatus 1, a block 20 provided above the block 15, the
workpiece feeding device 3, a bonding portion 4, a silicon
ingot 105, a processing fluid bath 6, the main roller 8, the wire
103, the main roller 9, a power supply unit 10, and a power
feed contact 104.

FIG. 2 is described below. FIG. 2 is an enlarged view in a
frame of a dotted line 16 illustrated in FIG. 1.

The wire 103 is wound around the main rollers 8 and 9 by
a plurality of turns and aligned at a predetermined pitch
according to grooves engraved in the main roller. The main
roller is configured such that metal is used in its center and the
outside of the roller is covered with resin.

The power feed contact 104 for supplying an electrical
discharge pulse from a machining power supply is provided
under the center portion between the main guide rollers to be
brought into contact with ten wires 103 (refer to FIG. 3).

The power feed contact 104 is arranged in a position where
the wires become equal in length to each other from both ends
of the silicon ingot 105. A strong resistance to mechanical
wear and high conductivity are required of the power feed
contact 104. Hard metal is used for the power feed contact
104.

The silicon ingot 105 is arranged over the center portion
between the main rollers, fixed to the workpiece feeding
device 3, and machined while being moved upward and
downward.

The processing fluid bath 6 is provided at the center portion
between the main rollers. The wire 103 and the silicon ingot
105 are immersed in the processing fluid bath 6 to cool the
electrical discharge machining portion and remove machin-
ing chips.

As illustrated in FIG. 3, a single power feed contact 104 is
in contact with ten wires 103. Needless to say, the number of
wires for each power feed contact 104 and the total number of
the power feed contacts 104 may be increased if needed.

10

40

45

55

4

The block 20 is bonded to the workpiece feeding device 3.
The workpiece feeding device 3 adheres (being bonded) to
the silicon ingot (a workpiece) 105 by the bonding portion 4.

In the present exemplary embodiment, the silicon ingot
105 is cited as an example of a processing material (a work-
piece) in the following description.

Any material may be used for the bonding portion 4 pro-
vided that the bonding portion 4 is used for bonding the
workpiece feeding device 3 to the silicon ingot 105 (the
workpiece). For example, a conductive adhesive is used.

The workpiece feeding device 3 is the one that is equipped
with a mechanism for moving the silicon ingot 105 bonded by
the bonding portion 4 upward and downward. The workpiece
feeding device 3 moves downward to allow the silicon ingot
105 to approach the wire 103.

The processing fluid bath 6 is a container for storing a
processing fluid. The processing fluid is deionized water high
in resistance, for example. The processing fluid is provided
between the wire 103 and the silicon ingot 105 to generate an
electrical discharge between the wire 103 and the silicon
ingot 105, allowing the silicon ingot 105 to be cut.

A plurality of grooves for fitting the wire 103 is formed in
the main rollers 8 and 9 and the wire 103 is fitted to the
grooves. The main rollers 8 and 9 are rotated clockwise or
counter-clockwise to cause the wire 103 to travel.

As illustrated in FIG. 2, the wire 103 is fixed to the main
rollers 8 and 9 to form an array of wires on the upper and
lower sides of the main rollers 8 and 9.

The wire 103 is a conductor. The power feed contact 104 of
the power supply unit 10 to which the power supply device 2
supplies voltage comes into contact with the wire 103 to cause
the power feed contact 104 to apply the supplied voltage to the
wire 103. (The power feed contact 104 applies voltage to the
wire 103.)

An electrical discharge is generated between the wire 103
and the silicon ingot 105 to cut the silicon ingot 105 (performs
the electrical discharge machining), allowing forming silicon
in a thin leaf form (silicon wafer).

FIG. 3 is described below. FIG. 3 is an enlarged view of the
power feed contact 104. The power feed contact 104 (one
piece) is in contact with ten wires 103. A distance between the
wires 103 (wire pitch) is approximately 0.3 mm (300 pm).

FIG. 4 is described below. FIG. 4 illustrates an electric
circuit 400 for a conventional system in which an electric
discharge current is individually supplied to each wire.

A machining power supply (Vm) 401 supplies current
required for the electrical discharge machining. The machin-
ing power supply (Vm) 401 is capable of setting a machining
voltage to any voltage from 60 V to 150 V.

A machining power supply (Vs) 402 is a voltage set to
induce electrical discharge. The machining power supply
(Vs) 402 is also used for monitoring an interelectrode voltage
(interelectrode current) between the wire and the workpiece.
The machining power supply (Vs) 402 can be set to any
voltage from 60 V to 300 V. A transistor (Tr2) 403 switches
between ON (conduction) state and OFF (non-conduction)
state of the machining power supply (Vm) 401 by switching.

A transistor (Trl) 404 switches ON (conduction) and OFF
(non-conduction) states of the machining power supply (Vs)
402 by switching.

A current limiting resistor (Rm) 405 limits a wire current
(Iw) for each wire and a discharge current (Ig) by setting a
fixed resistance value. The current limiting resistor (Rm) 405
can be set to any resistance value from 1€ to 100Q. More
specifically, if Vm=60 V, Vg=30 V, Rm=1052, Iw=(60 V=30
V)/10Q=3 A.
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In the above calculation equation, a voltage drop between
the machining power supply (Vm) 401 and a power feed point
is taken as 30 V, however, a voltage drop between the power
feed point and the electrical discharge point due to a wire
resistance (Rw) is not taken into consideration.

In the conventional individual power supply system, the
wire current (Iw) is determined by the machining current
limiting resistor (Rm), so that the wire resistance Rw has such
arelationship that Rm>Rw to obtain desired wire current (Iw)
and electrical discharge current (Ig) for each wire.

A current limiting resistor (Rs) 406 limits induction current
which induces electrical discharge by setting a fixed resis-
tance value. The current limiting resistor Rs can be set to any
resistance value from 1€ to 100€Q.

An interelectrode voltage (Vg) 407 is applied across the
wire 103 and the workpiece 105 during the electrical dis-
charge.

An interelectrode current (Ig) 408 is a current flowing
between the wire 103 and the workpiece 105 during electrical
discharge.

A wire current (Iw) 410 is supplied individually to each
wire.

FIG. 5 is described below. FIG. 5 is a schematic diagram
for a conventional system illustrating that the electric circuit
400 for individually supplying the electrical discharge current
to each wire supplies power to a plurality of wires.

A wire resistance (Rw) 409 indicates a resistance for each
wire.

An individual power feed contact 204 provided at two
places in the vicinity of both ends of the silicon ingot 105
supplies an electrical discharge pulse to perform the electrical
discharge machining.

The individual power feed contacts 204 are connected to
the electric circuits 400 equal in number to the wires 103
wound around.

FIG. 6 illustrates a change in an interelectrode voltage
(Vgn) and an interelectrode current (Ign) and an ON/OFF
operation of the transistors Trl and Tr2 (timing chart). A
horizontal axis of the graph indicates time.

A transistor Tr1 503 is turned on to apply voltage. At this
point, a gap between the wire 103 and the workpiece 105 is
insulated, so that little interelectrode current flows. Thereaf-
ter, when electrical discharge starts, the interelectrode voltage
Vgn is lowered to detect the electrical discharge, turning on
the transistor Tr2 to obtain a large interelectrode current. The
transistor Tr2 is turned off after a predetermined time elapses.
After a predetermined time elapses since transistor Tr2 is
turned off, a series of operations is repeated again.

FIG. 7 is described below. FIG. 7 is a circuit diagram of an
electric circuit 2 in a collective power supply which collec-
tively supplies the electrical discharge current to a plurality of
wires (ten wires) according to the present disclosure. FIG. 7
indicates a state where the electrical discharge current flows.

FIG. 7 illustrates an equivalent circuit to the electric circuit
2 in FIG. 8. If the conventional electric circuit 400 illustrated
in FIG. 4 is directly introduced to an electric circuit which
collectively supplies the electrical discharge current to a plu-
rality of wires (ten wires), a current limiting resistor with a
resistance value determined by dividing the current limiting
resistor Rm by 10 (the number of turns of the wire wound
around the main rollers 8 and 9) has only to be arranged
between the machining power supply and the power feed
point instead of the current limiting resistor Rm 405 to control
the electrical discharge current between the machining power
supply and the power feed point so that the electrical dis-
charge current of the sum (tenfold) of the electrical discharge
current is supplied to a plurality of wires (ten wires).
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A case is described below in which the current limiting
resistor Rm/10 wires having thus fixed resistance is arranged
between the machining power supply and the power feed
contact.

If the electric discharge occurs uniformly and at the same
time between all of the ten wires and the workpiece, the
electrical discharge current is evenly dispersed to the ten
wires and supplied between each wire and the workpiece
according to the fixed resistance value (Rm/ten wires), so that
supply of excessive electrical discharge current does not
become problem.

However, if the electric discharge does not occur uniformly
and at the same time between all of the ten wires and the
workpiece, the electrical discharge current according to the
fixed resistance value (Rm/ten wires) is intensively supplied
between the wire and the workpiece which are in an electrical
discharge state, which causes supply of excessive electrical
discharge current to become problem. More specifically, if
only one wire out of ten is in an electrical discharge state, a
wire current being ten times the wire current to be originally
supplied to one wire and the workpiece is supplied to the wire
which are in an electrical discharge state and the workpiece,
so that the wire is broken.

Unlike the conventional current limiting resistor in which a
resistance value is fixed to a predetermined value, a resistance
Rmn 505 as disclosed herein has a control mechanism
capable of varying a resistance value according to the number
of'wires which are in the electrical discharge state even if only
one wire out of ten is in the electrical discharge state.

The resistance Rmn 505 according to the present disclo-
sure is varied within a resistance value smaller enough than a
wire resistance Rwn 509 to make the wire resistance Rwn 509
more dominant than the resistance Rmn 505 in limiting the
electrical discharge current, allowing substantially neglecting
the influence of the resistance Rmn 505.

This means that there is no need to provide the resistor
which performs electrical discharge and limits the lower limit
of'the current between a machining power supply portion 501
and the power feed contact 104. In other words, the resistance
Rmn 505 has only to be made smaller than a resistance simply
divided by ten wires (the number of turns of the wire wound
around the main rollers 8 and 9).

In other words, using an impedance being the resistance
Rwn 509 of each wire stably supplies an electrical discharge
current Iwn of each wire, so that the electrical discharge
current does not converge.

The resistance Rwn 509 indicates a resistance of the wire
for each wire. The resistance between the power feed contact
104 and the electrical discharge portion is the resistance of
one wire that comes into contact with the power feed contact
104 and travels.

For example, each wire resistance is respectively taken as
Rwl, Rw2, ..., and Rw10 in a case where power is collec-
tively supplied to ten wires (the number of turns of the wire
wound around the main rollers 8 and 9 is ten).

Unlike the conventional system, the resistance Rwn
instead of the resistance Rmn is taken as a resistance for
limiting the wire current (Iwn) and the electrical discharge
current (Ign) for each wire to allow limiting the wire current
(Iwn) and the electrical discharge current (Ign) for each wire.
In other words, a distance (length L) between the power feed
point (the power feed contact) and the electrical discharge
point (the electrical discharge portion) is varied to allow
setting a wire resistance to any resistance. Specifically, if
Vmn=60V, Vgn=30V, and Rwn=10Q, Iwn (Ign)=(60 V-30
V)/10Q2-3 A.
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In the above calculation equation, a voltage drop due to the
wire resistance (Rwn) between the power feed point and the
electrical discharge point is taken as 30 V, however, the above
calculation equation does not consider a voltage drop
between the power feed point and the electrical discharge
point due to the resistance (Rmn) which causes a voltage drop
between the machining power supply and the power feed
point.

In other words, the wire current Iwn is determined by the
resistance Rmn in the collective power supply system accord-
ing to the present disclosure, so that the resistance Rmn which
causes a voltage drop between the machining power supply
and the power feed point is set to have a relationship of
Rmn<Rwn to obtain the desired wire current (Iwn) and the
electrical discharge current (Ign) for each wire.

The wire resistance Rmn of each wire can be determined
from three parameters: (1) an electric resistance p of a wire
material; (2) a cross-section area B of the wire; and (3) a
length L of the wire using an equation of Rwn=(pxB)/L.

A machining power supply portion (Vmn) 501 is set to a
machining voltage for supplying current required for the elec-
trical discharge machining. The Vmn may be set to any volt-
age. Further, amount of supply of electrical discharge current
is larger than that of the conventional system, so that the Vmn
supplies a larger power than the machining power supply 401.

The machining power supply portion 501 supplies the
machining power supply (Vmn) to the power feed contact
104.

A machining power supply portion (Vsn) 502 is a voltage
set for inducing electrical discharge. Furthermore, the
machining power supply portion 502 is used for monitoring a
interelectrode voltage (a interelectrode current) between the
wire and the workpiece. The Vsn may be set to any voltage.
Further, amount of supply of electrical discharge current is
larger than that of the conventional system, so that the Vsn
supplies a larger power than the machining power supply 402.

The machining power supply portion 502 supplies the
machining power supply (Vsn) to the power feed contact 104.

A transistor (Tr2) 503 switches between ON (conduction)
state and OFF (non-conduction) state of the machining power
supply Vmn by switching.

A transistor (Tr1) 504 turns the machining power supply
Vsn ON (conduction) and OFF (non-conduction) by switch-
ing.

A interelectrode voltage (Vgn) 507 is an electrical dis-
charge voltage applied between the wire 103 and the work-
piece 105 during electrical discharge.

For example, electrical discharge voltages collectively
applied to ten wires are taken as Vg1, Vg2, ..., and V10.

A portion where the interelectrode voltage is applied
between the wire 103 and the workpiece 105 by the electrical
discharge is an electrical discharge portion. In the electrical
discharge portion, the machining power supply in which a
plurality of traveling wires come into contact with the power
feed contact to collectively supply power to the plurality of
traveling wires is electrically discharged to the workpiece.

A interelectrode current (Ign) 508 is the one that flows
between the wire 103 and the workpiece 105 during electrical
discharge.

For example, each electrical discharge currents is respec-
tively taken as Igl, Ig2, . . ., and Igl0 in a case where power
is collectively supplied to ten wires.

A portion where the interelectrode current flows between
the wire 103 and the workpiece 105 by the electrical dis-
charge is an electrical discharge portion. In the electrical
discharge portion, the machining power supply in which a
plurality of traveling wires come into contact with the power
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feed contact to collectively supply power to the plurality of
traveling wires is electrically discharged to the workpiece.

A wire current (Iwn) 510 is individually supplied to each
wire. For example, each wire currents is respectively taken as
Iwl,Iw2, ..., and Iw10 in a case where power is collectively
supplied to ten wires.

A distance (L) 511 is distance L. between the power feed
point and the electrical discharge point, in other words, a
length of the wire between the power feed point and the
electrical discharge point.

FIG. 8 is described below. FIG. 8 is a schematic diagram
illustrating that an electric circuit 2 for collectively supplying
the electrical discharge current to a plurality of wires (ten
wires) collectively supplies power to the plurality of wires.

The power feed contact 104 collectively comes into contact
with a plurality of traveling wires. An electrical discharge
pulse is applied from one power feed contact 104 provided in
a position opposing the silicon ingot 105 to perform the
electrical discharge machining.

One electric circuit 2 is connected to number of wires 103
(ten wires) wound around the main rollers.

A description is given below with reference to the arrange-
ment in FIG. 8. As illustrated in FIG. 8, the current flowing
from the power feed point (the position where the power feed
contact 104 comes into contact with the wire 103) to the
electrical discharge point (between the wire 103 and the
workpiece 105) flows in two directions of the left and right
main rollers, so that there exist wire resistances with respect
to each direction.

A length (distance) between the power feed point and the
electrical discharge point in a case where current flows in the
direction of the left main roller is expressed by 511 LL1. The
wire resistance determined in the length [.1 is taken as Rw1la.

A length (distance) between the electrical discharge point
and the power feed point in a case where current flows in the
direction of the right main roller is expressed by 511 L.2. The
wire resistance determined in the length of L2 is taken as
Rwlb.

A length of the wire 103 with one turn wound around the
main rollers 8 and 9 is taken as two meters.

The power feed contact 104 is arranged in the position the
distance of which is equal to approximately half of the length
of the wire 103 with one turn wound around the main rollers
8 and 9, so that the distance between the electrical discharge
point and the power feed point (wire length L) is one meter.
Therefore, a distance of the wire traveling from the power
feed contact 104 to electrical discharge portion is longer than
0.5 meters.

The wire 103 mainly contains iron and is 0.12 mm in
diameter (cross-section area=0.06x0.06xtmm?2). If the wire
resistances Rwla and Rw1b are taken as 20€2 each because
the wire resistances Rwla and Rwlb are equal in length
(L1=L2=1 m), the combined resistance of Rwla and Rw1b of
one wire, with one turn wound around the main rollers 8 and
9, is equal to approximately 109Q.

As illustrated in FIG. 8, it is advantageous to arrange the
power feed contact 104 in a position where the lengths [.1 and
L2 are equal to each other to make the wire resistances by the
lengths [.1 and 1.2 equal to each other, however, there is no
problem in particular if a difference in length between the
lengths L1 and [.2 is approximately 10% (for example, L1=1
m and [.2=1.1 m).

If the electrical discharge voltages Vgl to Vg10 are nearly
equal to one another, the machining power supply Vmn is
applied across the respective wire resistances Rw1 to Rw10,
so that all the wire currents Iwl to Iwl0 are equal to one
another.
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The machining power supply Vmn is determined from a
voltage drop (Rw1xIw1) in the wire resistance and electrical
discharge (Vgn).

A voltage drop between the power feed contact 104 and the
electrical discharge portion is attributable to the traveling
wire resistance.

Rw1=10Q (the resistance between the power feed contact

104 and the electrical discharge portion)
wl=3 A
IfVgn=30V, Vmn is given by the following equation.

Vimn=10Q3 A+30 V=60 V.

Therefore, a voltage drop between the power feed contact 104
and the electrical discharge portion is greater than 10 V.
Accordingly, a resistance between the power feed contact
104 and the electrical discharge portion is greater than one
Q.

A voltage drop in the wire resistance based on wire param-
eters may be set according to the equation of Rwn=(pxB)/L.

A wire resistance Rmn is calculated in a case where the
electric discharge occurs uniformly and at the same time
between all ten wires and the workpiece. If all wires are in an
electrical discharge state and a wire current w1 of 3 A flows
to the ten wires, a machining current of 10 wiresx3 A=30 A in
total is required between the machining power supply and the
power feed point. If a voltage drop between the machining
power supply and the power feed point is Yoo of the machin-
ing power supply Vmn (0.6 V), the wire resistance Rmn is
given by the following equation.

A voltage drop between the machining power supply por-
tion and the power feed contact 104 is smaller than 1 V.

Therefore, the voltage drop between the machining power
supply portion and the power feed contact 104 is smaller than
the voltage drop between the power feed contact 104 and the
electrical discharge portion.

Rmn=0.6 V/30 A=0.02Q (the resistance between the
machining power supply portion 501 and the power feed
contact 104).

Therefore, the resistance between the machining power
supply portion 501 and the power feed contact 104 is smaller
than 0.1Q.

Therefore, the resistance between the machining power
supply portion 501 and the power feed contact 104 is smaller
than the resistance between the power feed contact 104 and
the electrical discharge portion.

Therefore, the ratio of the voltage drop between the
machining power supply portion 501 and the power feed
contact 104 to the voltage drop between the power feed con-
tact 104 and the electrical discharge portion is equal to or
more than 10 times.

Therefore, the ratio of the resistance between the machin-
ing power supply portion 501 and the power feed contact 104
to the resistance between the power feed contact 104 and the
electrical discharge portion is equal to or more than 10 times.

A machining current of the ten wires in consideration of the
wire resistance Rmn is obtained from (60 V=30 V)/((10€2/10
wires)+0.02€2)=29.41 A. The machining current per wire is
2.941 A.

If'the electric discharge does not occur uniformly and at the
same time between all ten wires and the workpiece, and even
if one-wire current flows, the machining current per wire is
(60 V=30 V)/(10Q2+0.02€2)=2.994 A which is not signifi-
cantly different from that in the case where the electric dis-
charge occurs uniformly and at the same time between all ten
wires and the workpiece.

A further effect can be obtained as follows. If power is
collectively supplied to a plurality of wires N (with N-turn
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wound around the main rollers 8 and 9) at one place (collec-
tively), the machining speed is made smaller to 1/N of a
machining speed than that in individually supplying power to
a single wire. According to the present disclosure, even if
power is collectively supplied to N wires at one place (col-
lectively), the machining speed equivalent to that in individu-
ally supplying power to a single wire can be maintained.

FIG. 9 illustrates an arrangement of a power feed contact
for collectively supplying power to hundred wires. In this
case, a single power feed contact is approximately 30 cm in
length.

In the multi-wire electrical discharge machining system
according to the present disclosure, the total current of
machining current supplied from one machining power sup-
ply and one power feed contact to a wire is proportional not to
the number of wires with which the power feed contact comes
into contact but to the number of wires in which the electric
discharge occurs uniformly and at the same time.

As described in FIG. 8, if the electric discharge occurs
uniformly and at the same time between ten wires and the
workpiece, the total machining current supplied to the ten
wires in consideration of the wire resistance Rmn is obtained
from (60 V=30 V)/((10Q/10 wires)+0.022)=29.41 A. The
machining current per wire is 2.941 A.

Therefore, if the electric discharge occurs uniformly and at
the same time between all of 100 wires and the workpiece, the
total machining current (maximum) supplied to the 100 wires
in consideration of the wire resistance Rmn is obtained from
(60 V=30 V)/((10€2/100 wires)+0.02€2)=250 A. The machin-
ing current per wire is 2.5 A.

Thus, if power is collectively supplied from one machining
power supply and one power feed contact to the 100 wires and
the electric discharge occurs uniformly and at the same time
between the 100 wires and the workpiece, the machining
power supply needs to have a large supply capability of 60
Vx250 A=15 kW.

If power is collectively supplied from one machining
power supply and one power feed contact to the 100 wires and
the electric discharge occurs uniformly and at the same time
only between ten wires and the workpiece, the machining
power supply needs to have a supply capability of 60Vx29.41
A=1.7 kW. This increases a range of fluctuation of the total
current supplied to the wires in which the electric discharge
occurs uniformly and at the same time between wires and the
workpiece, increasing the load of the machining power sup-
ply for controlling the total current.

FIG. 10 illustrates that power feed contacts, each of which
collectively supplies power to 20 wires, are arranged side by
side. Inthis case, a single power feed contact is approximately
6 cm in length.

If the electric discharge occurs uniformly and at the same
time between all of the 20 wires and the workpiece, the total
machining current (maximum) supplied to the 100 wires in
consideration of the wire resistance Rmn is obtained from (60
V=30 V)/((102/20 wires)+0.02Q2)=57.69 A. The machining
current per wire is 2.8846 A.

Thus, if power is collectively supplied from one machining
power supply and one power feed contact to the 20 wires and
the electric discharge occurs uniformly and at the same time
between the 20 wires and the workpiece, a supply capability
of 60 Vx57.69 A=3.4 kW is required. As compared with the
case of FIG. 9, the machining power supply does not need a
larger supply capability and a range of fluctuation is made
smaller in variation of the total current supplied to the wires in
which the electric discharge occurs uniformly and at the same
time between wires and the workpiece, decreasing the load of
the machining power supply for controlling the total current.
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It is appropriate that current per unit of the machining
power supply is several tens of A in consideration of electrical
protection in a case where short-circuit occurs in a cable on
the load side of the machining power supply. Since the maxi-
mum value of current per wire can be restricted by the resis-
tance Rwn of each wire, if current flowing one wire is taken as
3 A, for example, in a case where the supply current of the
machining power supply supplying power to one power feed
contact is 30 A, the number of wires collectively supplied
with power is limited to equal to or less than 10, or in a case
where the machining power supply whose supply current is
60 A is used, the number of wires collectively supplied with
power is limited to 20 or less, so that the supply capability of
the machining power supply is not exceeded.

Therefore, if 100 wires are supplied with power, the
machining power supplies equal in supply capability to each
other are taken as five or ten units and five to ten power feed
contacts corresponding to the machining power supplies are
provided to allow maintaining the relationship with the sup-
ply capability of the machining power supply (the machining
power supply portion individually supplying machining
power supply to each power feed contact).

FIG. 11 illustrates that power feed contacts, each of which
collectively supplies power to 20 wires, are arranged side by
side.

The power feed contacts are arranged side by side as illus-
trated in FIG. 10 to produce gaps between the adjacent
(neighbor) power feed contacts. The distance between the
wires arranged side by side (pitch) is approximately 0.3 mm
(300 um) according to the present disclosure. A problem
arises in that a wire traveling on the gap between the adjacent
power feed contacts is not supplied with power. Therefore, as
illustrated in FIG. 11, this problem can be solved by arranging
the adjacent power feed contacts in a manner not aligning in
the direction vertical to the direction in which the wire travels.

Furthermore, a set of the power feed contacts arranged in a
manner not aligning is repetitively arranged in the direction
vertical to the direction in which the wire travels to decrease
a width of space produced by arranging the power feed con-
tact with extended, eliminating the need for ensuring the
space required for arranging the power feed contacts side by
side on the wire surface, which enables the multi-wire elec-
trical discharge machining apparatus to be compactly
designed.

FIG. 12 is described. FIG. 12 illustrates that power feed
contacts, each of which collectively supplies power to 20
wires, are arranged side by side. If the power feed contacts are
arranged side by side as illustrated in FIG. 11, high accuracy
in a space between and a position of the arranged power feed
contacts is required, taking a lot of trouble when a power feed
contact needed to be replaced periodically due to degradation
is replaced and arranged again.

According to the present disclosure, the number of the
wires with which two adjacent power feed contacts duplica-
tively come into contact is not limited and there is no problem
in particular if the power feed contacts are arranged such that
the number of the wires with which the power feed contacts
duplicatively come into contact is not constant. For example,
in a case where 100 power feed contacts are arranged, there is
no need to evenly arrange the power feed contacts in an
accurate position. The power feed contacts are arranged such
that a part of them is overlapped, allowing all the wires to be
supplied with power. The reason for this is described in detail
below in FIG. 13.

There is provided a power supply control unit for control-
ling a machining power supply that supplies individually so
that pulses of the machining power supplies supplied to the
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two adjacent power feed contacts become equal to each other.
It the equal pulses are not supplied, conditions for the applied
pulse (time) make a difference between the overlap and non-
overlap portions to differentiate conditions for the electrical
discharge machining.

FIG. 13 is described. FIG. 13 illustrates that two adjacent
power feed contacts A and B are arranged so as to duplica-
tively come into contact with a part of wires among a plurality
of wires.

As described above, since the maximum value of current
per wire can be restricted by the resistance Rwn of each wire
and the current value of sum of Iw8+Iw1' flowing into dupli-
cated wires is substantially equal to the current value of a
single Iw7 flowing into non-duplicated wires, the machining
accuracy of a workpiece between the duplicated and non-
duplicated wires does not become non-uniform.

The semiconductor ingot sliced by the multi-wire electrical
discharge machining system according to the present disclo-
sure can be used as a substrate for a semiconductor or a
substrate for a solar cell.

While the present invention has been described with refer-
ence to exemplary embodiments, it is to be understood that
the invention is not limited to the disclosed exemplary
embodiments. The scope of the following claims is to be
accorded the broadest interpretation so as to encompass all
modifications, equivalent structures, and functions.

This application claims priority from Japanese Patent
Application No. 2012-101901 filed Apr. 26, 2012 which is
hereby incorporated by reference herein in its entirety.

What is claimed is:

1. A wire electrical discharge machining system configured
to slice a workpiece at an interval of wires arranged side by
side at equally spaced intervals, the wire electrical discharge
machining system comprising:

a plurality of main rollers configured to cause the wires

arranged side by side to travel in the same direction; and

a power feed contact configured to collectively supply a

machining power to a plurality of wires that are, from

among the wires arranged side by side and being caused

by the plurality of main rollers to travel, disposed next to

each other,

wherein two adjacent power feed contacts respectively
come into contact with the plurality of wires that are,
from among the wires arranged side by side, disposed
next to each other and arranged without being aligned
in a direction vertical to a direction in which the wires
arranged side by side travel, and

wherein the two adjacent power feed contacts are each
arranged to duplicatively come into contact with a
part of wires from among the plurality of wires dis-
posed next to each other with which the two power
feed contacts respectively come into contact.

2. The wire electrical discharge machining system accord-
ing to claim 1, wherein the power feed contact collectively
supplies the machining power supply to less than or equal to
30 of wires that are, from among the traveling wires arranged
side by side, disposed next to each other.

3. The wire electrical discharge machining system accord-
ing to claim 1, wherein the power feed contacts are arranged
so a number of the part of the wires included in the plurality
of wires disposed next to each other and with which each of
the two adjacent power feed contacts duplicatively come into
contact is not constant.

4. The wire electrical discharge machining system accord-
ing to claim 1, further comprising a machining power supply
portion configured to individually supply the machining
power to the power feed contact.
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5. The wire electrical discharge machining system accord-
ing to claim 4, further comprising a power supply control unit
configured to control the machining power supply so pulses
of the machining power supplied to the two adjacent power
feed contacts are equal to each other.

6. The wire electrical discharge machining system accord-
ing to claim 4, wherein a voltage drop between the machining
power supply portion and the power feed contact is less than
a voltage drop between the power feed contact and an elec-
trical discharge portion, wherein the electrical discharge por-
tion performs an electrical discharge to the workpiece.

7. The wire electrical discharge machining system accord-
ing to claim 4, wherein a resistance value between the
machining power supply portion and the power feed contact
is less than a resistance value between the power feed contact
and an electrical discharge portion, wherein the electrical
discharge portion performs an electrical discharge to the
workpiece.

8. A wire electrical discharge machining method for slicing
a workpiece using a wire electrical discharge machining sys-
tem configured to slice the workpiece at an interval of wires
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arranged side by side at equally spaced intervals, the wire
electrical discharge machining system comprising:
a plurality of main rollers configured to cause the wires
arranged side by side to travel in the same direction; and
a power feed contact configured to collectively supply a
machining power to a plurality of wires that are, from
among the wires arranged side by side and being caused
by the plurality of main roller to travel, disposed next to
each other,
wherein two adjacent power feed contacts respectively
come into contact with the plurality of wires that are,
from among the wires arranged side by side, disposed
next to each other and arranged without being aligned
in a direction vertical to a direction in which the wires
arranged side by side travels, and
wherein the two adjacent power feed contacts are each
arranged to duplicatively come into contact with a
part of wires from among the plurality of wires dis-
posed next to each other with which the two power
feed contacts respectively come into contact.
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